Molten Sodium Upgrading
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Feedstock Characterization
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Stoichiometric Ratio?

Assume
2 moles Na per mole S
3 moles Na per mole N
Ignore metals and TAN - they come out too
SR = Actual Na / Na based on assumption
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Old Laboratory set-up

Existing Data

Shoot molten sodium into reactor at fast
rate

Reaction of Na with S is fast — exotherm
Local thermal cracking — not ideal for
good yileld
Data underway
Control rate of sodium addition
EM Pump
Conventional pumping of dispersions
Expect reduced thermal cracking
Expect yield improvement
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New Laboratory set-up
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Sulifur Removal v SR
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Nitrogen Removal v SR
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Volume Yield v Sulfur Removal

Hydrogen and Meth:
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N removed v S Removed

Hydrogen and Methane
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Aus R1 API v SR
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Jordanian R2 v SR

jian Hydrogen and Methan

td
C
-
-~

~
o

B  Jord R2 H2

A Jord R2 CH4
Model H2

= = Model CH4

0.2 0.4 0.6 0.8 1.0
Stoichiometric Ratio (Act/Theo)

Energy Summit — Salt Lake City, UT — Jan 2013




OHE 11865 120Ny S

)jgen an{l IMethi

10

UT1 R2 H2

UT1 R2 CH4
Model H2

B
@
& 30
=i
Ay
g

= = Model CH4

DO
()

o
o

(O 0.4 0.6 0.8 1.0 1.2
Stoichiometric Ratio (Act/Theo)

Energy Summit — Salt Lake City, UT — Jan 2013




OHE & 1848 /120Ny S

2 R3: Hydrogen and Nlethane

UT2 R3 H2

UT2 R3 CH4

Model H2

B
.|-|3
2
O 2
A 2
K

= == Model CH4

0.2 0.4 0.6 0.8
Stoichiometric Ratio (Act/Theo)

Summit — Salt Lake City, UT — Jan 2013




Mexican Heavy Oil 1 APl v SR
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Uintah Basin Shale Oil Simdist

High boiling fraction eliminated
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Jordanian Oil Shale Simdist

Mostly the same boiling but with
dramatically reduced sulfur
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Diluted Bitumen Simdist

Fractions boil at lower temperature
“Resid” fraction is reduced

Dilbit treated

Dilbit AR
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SO, Emissions = 0
CO, Emissions = less




Summary

Molten sodium upgrading
demonstrated small scale
Margins and returns look
attractive

Emissions can be reduced
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